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(54) Improved distortion analyzer for compensation apparatus of first-order polarisation mode 
dispersion (PMD) 



(57) The effect of polarization mode dispersion that 
an optical signal experiences as it propagates through 
an optical transmission fiber is compensated for at a re- 
ceiver using a birefringent compensator, in which a dis- 



tortion analyzer repeatedly examines the signal output- 
ted by the compensator and causes the compensator to 
reduce the effect of such polarization mode dispersion 
based on the results of such examination. 
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Description 

Field Of The Invention: 

[0001] The invention relates to optical transmission 
systems and more particularly relates to dealing with so- 
called polarization mode dispersion in such systems. 

Background Of The Invention: 

[0002] Polarization Mode Dispersion (PMD) occurs in 
an optical fiber as a result of a small residual birefrin- 
gence that is introduced in the fiber core by asymmetric 
internal stress as well as random polarization coupling 
due to external forces acting upon the fiber. It is well- 
known that PMD may severely impair the transmission 
of a signal in an optical fiber network. This is especially 
the case in modern digital lightwave systems that oper- 
ate at bit rates of at least 10 Gb/s per transmitted wave- 
length channel. 

[0003] U. S, Patent No. 5,930,414, which issued July 
27, 1999 to D. A. Fishman et al, discloses different ap- 
paratus for mitigating signal impairments due to PMD. 
Such apparatus employs a variable optical birefrin- 
gence element which introduces a differential optical 
time delay between at least two selectable mutually or- 
thogonal polarization states, i.e., the "Principal States 
of Polarization" (PSP) in the transmission fiber. An op- 
tical distortion analyzer coupled to the output of the var- 
iable birefringence element generates a control signal 
for that element. 

[0004] The compensation apparatus shown in FIG. 4 
of the referenced *414 patent generates a continuously 
variable Differential Group Delay (DGD) between two 
principal states of polarization to compensate for first- 
order PMD in the transmission fiber. One difference be- 
tween this arrangement and the time-delay line shown 
in FIG. 1 of the referenced '414 patent is that the PSPs 
of the variable birefringence element in the apparatus 
of FIG. 4 of the '414 patent is frequency dependent. 
Such frequency dependence (which is an important as- 
pect of a so-called second-order PMD effect) may lead 
to excessive distortion in the optical signal, since the 
first-order PMD in the fiber can only be compensated for 
over a certain optical bandwidth. Moreover, the PMD 
may even increase in certain parts of the optical spec- 
trum. 

[0005] Signal distortion caused by the second-order 
PMD effect in conventional non-return-to-zero (NRZ) 
and return-to-zero (RZ) digital optical signals may be ob- 
served in the electrical spectrum of the received optical 
signal as a narrowband "tone" of spectral energy at the 
certain frequencies related to the signal bit rate, e.g., 10 
GHz for NRZ and 20 GHz for RZ signals. 

Summary Of The Invention: 

[0006] We decrease substantially the distortion 



caused by second-order PMD effects in a variable bire- 
fringence element of PMD compensation apparatus by 
modifying the control signal applied to the variable bire- 
fringence element such that the optical signal experi- 
5 ences minimal second-order PMD. In particular, the 
control signal generated by the distortion analyzer of 
FIG. 2 or 8 of the above-referenced '414 patent is mod- 
ified by subtracting from the control signal in a weighted 
fashion the output signal of a bandpass filter tuned to 
the narrowband tone outputted by the distortion analyz- 
er. The resulting modified signal, V f , is then supplied to 
the polarization controllers in the variable birefringence 
element to reduce the level of the distortion that occurs 
as result of the aforementioned second order effect. The 
modified V f , more particularly, causes the PMD compen- 
sator to operate at a point where the overall second- 
order distortions in both the transmission fiber and PMD 
compensator are minimal. The inventive feature partic- 
ularly orients the PSPs of the compensator to offset any 
second-order PMD distortion that may be generated by 
the transmission fiber. That is, the second-order effect 
is subtracted from, rather than added to, the distortion 
produced by the transmission fiber. 
[0007] These and other aspects of our invention are 
set forth in the following detailed description, corre- 
sponding drawings and ensuing claims. 

Brief Description Of The Drawing: 

[0008] In the drawing: 

FIG. 1 illustrates in block diagram form an illustra- 
tive prior art system in which the principles of the 
invention may be practiced; 

FIG. 2 is a block diagram of another illustrative dis- 
tortion analyzer that may be used to derive a feed- 
back signal for the PMD compensator of FIG. 1 ; 

FIG. 3 is a block diagram of an improved distortion 
analyzer; and 

FIG. 4 is a block diagram of another improved dis- 
tortion analyzer. 

Detailed Description: 

[0009] For the sake of clarity and continuity the inven- 
tive feature will be discussed in the context of the com- 
pensation system disclosed in the aforementioned U. S. 
Patent No. 5,930,414, which is hereby incorporated by 
reference. 

[0010] Polarization Mode Dispersion (PMD) occurs in 
single-mode fibers as a result of residual birefringence 
in the fiber core and coupling of random polarization at 
various points along the fiber. 
[001 1] It is well-known that for any optical frequency, 
© = co 0 , there exist two orthogonal states of polarization 
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commonly referred to as the Principal States of Polari- 
zation (PSP). An optical signal propagating through a 
fiber does not experience any significant amount of dif- 
ferential time delay if it is polarized at one of the two 
PSPs. 

[0012] It can be appreciated that a differential group 
delay, Xf, occurs between the two PSPs of the fiber. The 
differential group delay (DGD) which an optical signal 
experiences as a result of propagating through an opti- 
cal fiber may be compensated for by introducing an op- 
posite but equal amount of differential time delay, x c = 
-% at the output of the fiber. This may be readily done 
using an optical element having the polarization char- 
acteristics disclosed in the aforementioned patent. 
[0013] PMD in a fiber may change with time and/or 
with changes in optical frequency. A change in PMD 
may include changes in the corresponding PSPs as well 
as changes in DGD, if, which may be compensated for 
by varying the amount and orientation of the birefrin- 
gence in the compensator to adaptively compensate for 
the DGD in the fiber. An adaptive, variable-birefringence 
compensator may be readily realized by disposing a po- 
larization transformer, for example, the polarization 
transformer described in U. S. Patent No. 5,212,743 is- 
sued May 18, 1993 to F. L. Heismann, which is hereby 
incorporated by reference herein, in series with an ele- 
ment that generates variable linear birefringence. Such 
variable birefringence may be generated by splitting the 
signal at the output of the polarization transformer into 
two orthogonal linear polarization states corresponding 
to the two PSPs of the fiber, and delaying one of the two 
polarization states by a variable amount of time, x c , us- 
ing a respective time delay line 50 (such as, for example, 
the polarization mode dispersion emulator, model PE3 
available from JDS Fitel Inc.) as shown in Fig. 1 of the 
above referenced '414 patent. 
[0014] Another way of generating such birefringence 
is illustrated in FIG. 1. This embodiment includes two 
nearly identical sections of high birefringence single- 
mode fibers 435 and 445 which generate fixed differen- 
tial time delays, and x 2 , respectively between light sig- 
nals polarized along the slow and fast optical axis of the 
two fibers. (Fibers 435 and 445 may be, for example, 
the SM15-P-8/125 fiber available from Fujikura Co., 
having a time delay of about 1 .4 ps/m.) A second polar- 
ization transformer 440 inserted between fibers 435 and 
445 effectively controls the angle, e c , between the fast 
axis of fiber 435 and fiber 445. The resulting differential 
time delay, x c , generated by fibers 435 and 445 may be 
expressed as follows: 



*c = 7 T 1 + T 2 + 2T 1 x 2 cos(29 2 ) 

which is continuously variable between a minimum val- 
ue of |x 1 - x 2 | and a maximum value of {x^ +x 2 ). 
[0015] If the polarization transformation generated in 
polarization transformer 430 and the differential time de- 



lay generated by fibers 435 and 445 and polarization 
transformer 440 are properly adjusted in the manner de- 
scribed in the aforementioned '414 patent, then a signal 
outputted by compensator 425 will be free of the distor- 
5 tions caused by differential group delays occurring in 
transmission fiber 420. 

[0016] A feedback signal is used to control the polar- 
ization transformation in polarization transformer 430 (i. 
e., the orientation of the variable birefringence) as well 

10 as the variable differential time delay generated by the 
two high birefringence fibers 435 and 445 and polariza- 
tion transformer 440. The desired feedback signal may 
be generated at the output of compensator 425 by mon- 
itoring the amount of pulse distortion that is due to the 

15 differential time delay present in an optical signal after 
it has traveled through compensator 425. 
[0017] Note that only one feedback signal 471 is 
needed to simultaneously adjust the polarization trans- 
formation and adjust the differential delay, x c , to achieve 

20 minimal distortion in the signal that compensator 425 
outputs to optical receiver 490 via conventional signal 
tap 485, as is shown in FIG. 1 and as will be discussed 
below. 

[0018] Specifically, a portion of the signal that com- 

25 pensator 425 outputs is supplied via optical tap 485 to 
path 487 extending to high-speed photodetector 455, 
which may be, for example the Hewlett Packard Co., 
model 11982 Wideband Lightwave Converter having an 
electrical bandwidth that is at least equal to the informa- 

30 tion bandwidth of the modulated optical signal transmit- 
ted by optical transmitter 410. The remainder of the sig- 
nal is supplied to path 486 extending to receiver 490. 
Photodetector 455 converts the high-speed digital infor- 
mation signal that was modulated onto an optical carrier 

35 signal into an electrical signal. The electrical signal is 
then amplified by conventional amplifier 460 and cou- 
pled to electrical distortion analyzer 470, which meas- 
ures the distortion in the amplified photocurrent and con- 
verts the amplified result into a voltage, V f supplied to 

40 path 471, that is proportional to the distortion. For ex- 
ample, voltage V f reaches a maximum value when the 
optical signal is free of distortion due to first order PMD, 
i.e., when the combined differential time delay of optical 
fiber 420 and compensator 425 is substantially equal to 

45 zero. 

[0019] If the DGD in the transmission fiber is limited 
to values below a maximum value, x max then the distor- 
tion in the optical signal may be quantified by simply 
measuring the amplitude of the received electrical signal 

so of a particular frequency f < 1/(2x max ). The amplitude of 
this signal may then be used as a feedback signal to 
automatically adjust the orientation and level of DGD 
that is generated in PMD compensator 425, such that 
the feedback signal is maximized. 

55 [0020] The above requirement set for the total DGD 
that may be inserted in a transmission system, x tota | £ 
x max may limit the amount of DGD that may be compen- 
sated for in an optical transmission fiber, Xf, as x tota) < 2x f . 
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For example, if in a 10 Gbps digital transmission system, 
the amplitude of the received electrical signal is meas- 
ured at 5 GHz, then if should always be smaller that 50 
ps. Otherwise, the feedback signal that is generated as 
a function of the amplitude of the 5 GHz component may 5 
be ambiguous in the sense that it is difficult to determine 
by which amount and direction the polarization transfor- 
mation and the differential time delay, t c , need to be ad- 
justed to obtain a t tota | = 0, which may occur, for exam- 
ple, when the amplitude of the feedback signal is the 10 
same for two different values of T tota!i and which may 
result in generating faulty adjustments in the orientation 
and level of the differential time delay in PMD compen- 
sator 425. 

[0021] An "unambiguous" feedback signal (Le., a sig- is 
nal that is a unique measure of x tota) ) may be generated , 
without limiting the level of compensation that may be 
applied to DGD, by measuring the amplitude of a plural- 
ity of frequency components contained in the optical in- 
formation signal propagating through an optical fiber. An 20 
illustrative embodiment of a compensator, which ana- 
lyzes the amplitudes of substantially the entire received 
electrical frequency spectrum using a broadband elec- 
trical power detector, is shown in FIG. 1 . The broadband 
electrical power detector 495, which may be, for exam- 25 
pie, model 8474 diode detector available from the 
Hewlett Packard Co., more particularly, converts such 
amplitudes into a single feedback voltage, V f , that is pro- 
portional to the integral of the amplitudes (power levels) 
of substantially the entire high-frequency electrical 30 
spectrum. 

[0022] As mentioned above, the compensation ar- 
rangement illustrated in FIG. 1 generates a continuously 
variable Differential Group Delay (DGD) to compensate 
for first-order DGD. As also mentioned above, one dif- 35 
ference between this compensation arrangement and 
the differential time-delay line shown in FIG. 1 of the 
aforementioned U. S. Patent No. 5,930,414 is that the 
compensation section formed by high-birefringence fib- 
ers 435 and 445 and polarization transformer 440 of *o 
FIG. 1 herein exhibit Principal States of Polarization 
(PSPs) that vary strongly with optical frequency. Such 
frequency dependence (which is one aspect of a so- 
called second-order PMD effect) may distort the optical 
signal in the compensator, since the DGD experienced 45 
in the fiber can only be removed over a certain optical 
frequency range. Moreover, the DGD may even in- 
crease in certain parts of the spectrum. 
[0023] We have found that for conventional intensity- 
modulated optical signals, the second-order PMD effect so 
may be observed in the electrical domain by the appear- 
ance of a narrowband "tone" of spectral energy at the 
corresponding frequency of the signal bit rate, i.e., 
around 10 GHz for non-return-to-zero (NRZ) formatted 
digital signals at a bit rate 10 Gb/s and at 20 GHz for 55 
return-to-zero formatted signals at 10 Gb/s. Thus, the 
distortion caused by this second-order PMD effect may 
be observed using a distortion analyzer with an electri- 



cal filter of the type shown in FIGs. 2 and 8 of the above 
referenced '414 patent modified to have a bandpass 
characteristic at the bit-rate frequency. 
[0024] We have further found that the effects of dis- 
tortion caused by second-order PMD may be dealt with 
by subtracting in a weighted fashion the output of a 
bandpass filter tuned to the narrowband tone from the 
signal cutputted by the distortion analyzer of FIG. 2 
(herein). The resulting modified signal, V ft is then sup- 
plied to the compensator to reduce the level of the dis- 
tortion that occurs as a result of the aforementioned sec- 
ond order PMD effect. The modified V f , more particular- 
ly, causes the compensator to move to (dither) a point 
that centers the region of correct DGD and PSP align- 
ment on the spectral region of maximal distortion in the 
optical signal, thereby reducing the effects of second- 
order PMD. The inventive enhancement also orients the 
PSPs of the compensator to offset any second-order 
PMD distortion that a signal may experience in the trans- 
mission fiber in such way that the second-order PMD 
generated in the compensator is subtracted from, rather 
than added to, the second-order PMD distortion experi- 
enced in the transmission fiber. 
[0025] FIG. 3 shows one illustrative embodiment of a 
modified distortion analyzer that generates the afore- 
mentioned modified control signal V f in which amplifier 
460 supplies an amplified electrical signal to the distor- 
tion analyzer, as mentioned above. Conventional 3-way 
splitter 810 splits the amplified signal into three signals 
that are respectively supplied to broadband power de- 
tector 820, low-pass filter 825 and bandpass filter 840. 
Detector 820 in a conventional manner passes a signal 
(e.g., a voltage level proportional to the power in the en- 
tire frequency spectrum of the signal) to adder port 851 
of conventional summing circuit 850. Low-pass filter 
825, on the other hand, filters the electrical signal allow- 
ing only that portion of the frequency spectrum below, 
e.g., 2.5 GHz, to pass through to detector 830. The sig- 
nal exiting detector 830 is then presented to adder port 
852 of summing circuit 850. Bandpass filter 840, more 
particularly, filters the signal that it receives from 3-way 
splitter 810 and passes only those signals within a pre- 
determined spectrum of signals, e.g., a one GHz band 
centered about 10 GHz. The signal exiting filter 840 is 
then supplied via detector 845 to negative port 853 of 
summing circuit 850. Summing circuit 850, in a conven- 
tional manner, subtracts the signal that it receives via 
port 853 from the sum of the signals that it receives via 
ports 851 and 852. The distortion analyzer thus outputs 
a feedback signal, V f , which negatively emphasizes the 
spectrum around the predetermined spectrum of sig- 
nals, e.g., around 10 GHz. Such emphasis causes the 
compensator, e.g. compensator 425 of FIG. 1 , to adapt 
in the aforementioned dithered manner to substantially 
eliminate the frequency tones that occur as a result of 
the second-order PMD effect, all in accordance with an 
aspect of the invention. 

[0026] The feedback voltage, V F , expressed by equa- 
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tion (9) shown in the aforementioned Patent No. 
5,930,414 as well as the modified feedback voltage, V f) 
generated by the distortion analyzer of FIG. 3, may be 
reduced by the presence of polarization-dependent loss 
(PDL) that is generated in PMD compensator 425 (e.g., 5 
in the polarization transformers). The feedback voltage, 
V f , is derived from two stages of square-law detection 
(i.e., optical-to-RF, and RF-to-low frequency), and, 
therefore, is proportional to the square of the total re- 
ceived optical power. We have recognized that dividing 10 
the feedback voltage by the square of the average op- 
tical power received by photodetector 455 decreases 
substantially the adverse effects of polarization-de- 
pendent loss in compensator 425 and, therefore, cre- 
ates a higher level of PMD compensation. *s 
[0027] Such precision may be achieved, in accord- 
ance with an aspect of the invention, by using the illus- 
trative circuit arrangement shown in FIG. 4, in which fre- 
quency splitter 1005 in a conventional manner sepa- 
rates the electrical signal outputted by high-speed pho- 20 
todetector 455 (also shown in FIG. 1) into high-frequen- 
cy (AC) and low-frequency (DC) components. In an il- 
lustrative embodiment of the invention, splitter 1005 
may be formed from, for example, one or more conven- 
tional transimpedance LC circuits. The high frequency 25 
components, which contain information relating to the 
distortion in the high-speed digital signals are, after op- 
tional amplification, supplied to distortion analyzer 1010, 
wh ich may be, for example, either the distortion analyzer 
of FIG. 2 or 3. The low frequency (DC) components, hav- 30 
ing levels proportional to the average received optical 
power, are supplied to conventional analog squaring cir- 
cuit 1020. (In an illustrative embodiment of the invention, 
squarer 1020 may be, for example, an analog multiplier 
having two inputs connected together.) The signal at the 35 
output of squarer 1020 is then supplied to the denomi- 
nator terminal, D, of conventional analog divider 1030. 
The feedback voltage, V f0 , from distortion analyzer 1010 
is supplied to the numerator terminal (N) of divider circuit 
1 030. The resultant quotient is then supplied at the out- 40 
put of divider 1030 as the feedback signal, V f) which has 
been normalized by the received optical power to re- 
move the effects of optical power fluctuations due to 
PDL. 

[0028] A reduction in response to undesired polariza- 45 
tion-dependent-loss effects that occur in PMD compen- 
sator 425, and a reduction in the required dynamic range 
of the control circuitry for the automatic polarization 
transformers are among the advantages obtained from 
the inventive features described above. so 
[0029] The foregoing is merely illustrative of the prin- 
ciples of the invention. Those skilled in the art will be 
able to devise numerous arrangements, which, al- 
though not explicitly shown or described herein, never- 
theless embody . 55 

the invention. For example, based on the forego- 
ing, it would be obvious to the skilled practitioner that 
the effects of still higher-orders of PMD may be dealt 



with by merely expanding the compensator, e.g., com- 
pensator 425, to include additional sections of high-bi- 
refringence fibers and polarization transformers, as 
needed. 



Claims 

1 . A compensator for compensating for the effects of 
polarization mode dispersion occurring in an optical 
transmission fiber having principal states of polari- 
zation, the compensator comprising 

a polarization transformation element operative 
for reorienting the polarization of particular 
components of an optical signal received over 
the optical transmission fiber, 

apparatus operative for dividing a signal cou- 
pled to an output of the polarization transforma- 
tion element into a predetermined number of 
signals 

each having a polarization state oriented or- 
thogonally to a respective one of the two prin- 
cipal states of polarization and for delaying 
each such divided signal a variable amount of 
time; and 

analyzer means having an optical converter for 
converting a portion of a signal outputted by the 
apparatus into an electrical signal and having 
apparatus for splitting the converted signal into 
a plurality of signals and supplying the split sig- 
nals to first, second and third analyzer sections, 
respectively, in which the first section operates 
to pass the entire spectrum of the outputted sig- 
nal, the second section operates to pass only 
that portion of the entire spectrum that is below 
a predetermined frequency and the third sec- 
tion operates to pass a predetermined band of 
the entire spectrum, and wherein said distortion 
analyzer includes means for summing the out- 
puts of the first and second sections and sub- 
tracting the output of the third section from the 
summed result to generate a distortion indica- 
tor and for supplying the distortion indicator to 
the polarization transformation element and 
said apparatus, and wherein said polarization 
transformation element and said apparatus, re- 
sponsive to a change in the level of the distor- 
tion indicator, respectively changing until the 
level of the distortion indicator reaches a pre- 
determined level, the orientation of each said 
polarization state and said variable amount of 
time. 

2. The compensator of claim 1 wherein said first sec- 
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tion comprises a broadband electrical power detec- 
tor, the second section comprises a low-pass filter 
in series with a broadband electrical power detector, 
and the third section comprises a bandpass filter in 
series with a broadband electrical power detector. s 

3. The compensator of claim 1 wherein said compen- 
sator further comprises receiver means for process- 
ing said portion of the outputted signal to generate 
AC and DC components, for supplying the AC com- 10 
ponent to a splitter to generate said plurality of sig- 
nals, for supplying the DC component to signal 
squaring means that squares the value of the DC 
component and comprises apparatus for dividing 

the value of the result of said subtraction by the val- '5 
ue of the squared signals and outputting the quo- 
tient of such dividing as the distortion indicator. 

4. A compensator for compensating for the effects of 
polarization mode dispersion occurring in an optical 20 
transmission fiber having principal states of polari- 
zation, the compensator comprising 

a polarization transformation element operative 
for reorienting the polarization of particular 25 
components of an optical signal received over 
the optical transmission fiber, 

apparatus operative for dividing a signal cou- 
pled to an output of the polarization transforma- 30 
tion element into a predetermined number of 
signals each having a polarization state orient- 
ed orthogonally to a respective one of the two 
principal states of polarization and for delaying 
each such divided signal a variable amount of 35 
time; and 

receiver means having an optical converter for 
converting a portion of a signal outputted by the 
apparatus into a predetermined signal and gen-, *o 
erating AC and DC component signals from the 
converted signal and wherein said receiver 
supplies the AC component signal to a distor- 
tion analyzer that measures the level of at least 
first-order PMD distortion in the AC component 45 
and outputs a signal indicative of the level of 
such distortion and supplies the DC component 
to signal squaring means, and wherein said 
compensator further comprises 

50 

divider means that divides the level of the signal 
indicative of said distortion by the level of the 
squared signal and supplies the resulting quo- 
tient signal as a distortion indicator to the po- 
larization transformation element and said ap- 55 
paratus, and wherein said polarization transfor- 
mation element and said apparatus, respon- 
sive to a change in the level of the distortion 



indicator, respectively change, until the level of 
the distortion indicator reaches a predeter- 
mined level, the orientation of each said polar- 
ization state and said variable amount of time. 

5. The compensator of claim 4 wherein said distortion 
analyzer comprises apparatus for splitting the AC 
component into a plurality of signals and supplying 
the split signals to first, second and third analyzer 
sections, respectively, in which the first section op- 
erates to pass the entire spectrum of the outputted 
signal, the second section operates to pass only 
that portion of the entire spectrum that is below a 
predetermined frequency and the third section op- 
erates to pass a predetermined band of the entire 
spectrum, and wherein said distortion analyzer fur- 
ther comprises means for summing the outputs of 
the first and second sections and subtracting the 
output of the third section from the summed result 
and supplying the result of such subtraction as the 
numerator to said divider means. 

6. The compensator of claim 5 wherein said first sec- 
tion comprises a broadband electrical power detec- 
tor, the second section comprises a low-pass filter 
in series with a broadband electrical power detector, 
and the third section comprises a bandpass filter in 
series with a broadband electrical power detector. 

7. The compensator of claim 4 wherein said distortion 
analyzer comprises apparatus for splitting the AC 
component into a plurality of signals and supplying 
the split signals to first and second sections in which 
the first section comprises a broadband electrical 
power detector, and said second section comprises 
a low-pass filter in series with a broadband electrical 
power detector, and said distortion analyzer further 
comprises an adder circuit for combining the out- 
puts of the first and second sections and supplying 
the summed signal to the divider means. 

8. The compensator of claim 4 wherein said distortion 
indicator is a feedback voltage. 

9. A distortion analyzer comprising 

converter means for converting a signal output- 
ted by optical apparatus into an electrical signal 
and splitting the converted signal into a plurality 
of signals, and 

first, second, and third analyzer sections for re- 
ceiving respective ones of the plurality of sig- 
nals such that the first analyzer section oper- 
ates to pass the entire spectrum of the output- 
ted signal, the second section operates to pass 
only that portion of the entire spectrum that is 
below a predetermined frequency and the third 
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section operates to pass a predetermined band 
of the entire spectrum, and 

means for summing the outputs of the first and 
second sections and subtracting the output of 5 
the third section from the summed result to gen- 
erate a distortion indicator and supplying the 
distortion indicator to the optical apparatus. 

10. Apparatus comprising 10 

converter means for converting a signal output- 
ted by optical apparatus into an electrical sig- 
nal, 

15 

a receiver for converting the electrical signal in- 
to AC and DC components, for splitting the AC 
component signal into a plurality of signals, and 
for supplying the AC component signals to re- 
spective sections of a distortion analyzer, 20 

squaring means for squaring the value of the 
DC component, and divider means for dividing 
the output form the distortion analyzer by the 
value of the squared signal and supplying the 25 
resulting quotient signal as a distortion indica- 
tor to the optical apparatus, said optical appa- 
ratus, responsive to receipt of the distortion in- 
dicator, changing the level of the outputted sig- 
nal until the distortion indicator reaches a pre- 30 
determined state. 
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